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Abstract 
Non-conventional energy resources are increasingly used to fulfill load demands. Before using 
such energy sources the very important thing is analysis at the basic level. This paper presents 
analysis and realization of line commutated grid tied inverter for renewable energy 
applications. The current-voltage and power-voltage characteristics of solar PV array 
changes as parameters like solar insolation and temperature changes. These characteristics 
are found and realized using MATLAB software. Line commutated inverters are discussed in 
this paper for grid interactive modes of operations. 
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INTRODUCTION 
One of the major concerns in the power 
sector is the day-to-day increasing power 
demand but the unavailability of enough 
resources to meet the power demand using 
the conventional energy sources. Demand 
has increased for renewable sources of 
energy to be utilized along with 
conventional systems to meet the energy 
demand. Renewable sources like wind 
energy and solar energy are the major 
energy sources which are being utilized in 
this regard. The continuous use of fossil 
fuels has caused the fossil fuel deposit to be 
reduced and has affected the environment 
emptying the biosphere and gradually 
adding to global warming. 
 
Solar energy is widely available that has 
made it possible to yield it and utilize it 
properly. Solar energy can be a standalone 
generating unit or can be a grid connected 
generating unit depending on the 
availability of grid closeness. Thus, it can 
be used to power rural areas where the 
availability of grids is very low.  Another 
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advantage of using solar energy is the 
portable operation whenever necessary. 
 
SOLAR PV SYSTEM 
Photovoltaic cells convert radiant energy 
from the sun directly into electricity. 
Photovoltaic Cell provides a clean, reliable 
energy without consuming fossil and is free 
from hazardous product. Sun is the mother 
of all energies (except nuclear and 
geothermal) that provides almost all the 
energy needed to support life and can be 
used in variety of applications. On average, 
the earth receives about 1.2* 10
17 
W of 
solar power. The challenge for a 
sustainable future is to tap a tiny fraction of 
this energy to supply the relatively modest 
demands of human activities. The 
increasing use of these solar cells is linked 
to economic, efficiency and reliability 
factors and recent advances in solid state 
technologies has given a boost to the 
attractiveness of solar cells with high 
efficiency solar cells now available. A 
Schematic block diagram of a PV cell is 
shown in Figure 1. 
 
 
Fig. 1: 
Characteristics of Solar Cell 
Solar cell generator is neither a constant 
voltage nor a constant current source. The 
current is proportional to solar insolation 
and voltage is a function of the current 
required by the load [1–4].  
 
A typical i-v characteristic of the solar cell 
for a certain ambient irradiation S and a 
certain fixed cell temperature T is shown in 
Figure 2. For a resistive load, the load 
characteristic is a straight line with slope 
I/V=1/R. It should be pointed out that the 
power delivered to the load depends on the 
value of the resistance only. 
 
Fig. 2: 
 
 Effect of Ambient Conditions on i-v 
Characteristics of PV Cell  
The i-v characteristics of a PV cell is 
weather dependent, the effect of change in 
ambient temperature and solar insolation 
on the i-v characteristics is shown in 
Figures 3 and 4 that the open circuit voltage 
decreases linearly with the increase in the 
cell temperature and open circuit voltage 
increases logarithmically with the ambient 
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irradiation, while the short circuit current is 
a linear function of the ambient irradiation. 
 
Fig. 3: 
 
 
Fig. 4: 
 
Effect of Series and Parallel Connection 
on I-V Characteristics of PV Cell 
 
Fig. 5: 
PV Generator Hierarchy 
 
Fig. 6: 
 
MODELING OF PHOTOVOLTAIC 
CELL 
Photovoltaic (PV) system directly converts 
sunlight into electricity. The basic device of 
a PV system is the PV cell. Cells may be 
grouped to form panels or arrays. The 
voltage and current available at the 
terminals of a PV device may directly feed 
small loads such as lighting systems and 
DC motors. More sophisticated 
applications require electronic converters 
to process the electricity from the PV 
device. These converters may be used to 
regulate the voltage and current at the load, 
to control the power flow in grid-connected 
systems, and mainly to track the maximum 
power point (MPP) of the device. 
 
A PV device may be any element that 
converts sunlight into electricity. The 
elementary PV device is the PV cell. A set 
of connected cells form a panel. Panels are 
generally composed of series cells in order 
to obtain large output voltages. Panels with 
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large output currents are achieved by 
increasing the surface area of the cells or by 
connecting cells in parallel. A PV array 
may be either a panel or a set of panels 
connected in series or parallel to form large 
PV systems. This paper focuses on PV 
arrays and shows how to obtain the 
parameters of the I-V equation from 
practical data obtained in datasheets. 
 
Simplest Model (Ideal Case) 
The simplest model of a PV cell and its 
equivalent circuit is presented in Figure 6 
that consists of an ideal current source in 
parallel with an ideal diode with zero series 
resistance, infinite shunt resistance and 
unity ideality factor for junction. 
 
Fig. 7: 
 
The output current (IC) from the PV cell is 
found by applying the Kirchoff’s current 
law on the equivalent circuit. 
IC = ISC-Id                                                                                      
(1) 
Where Isc is a short circuit current. The 
diode current Id is given by Shockley diode 
equation. 
Id = I0                                             (2) 
Vd is the voltage across the diode (D). For 
the ideal case, this voltage is equal to the 
cell voltage, Vc.  
k is Boltzmann constant (1.38 × 10-23 
J/oK).  
q is electron charge (1.602 × 10-19 C).  
I0 is reverse saturation current of diode 
(0.000025 A).  
Tc is reference cell operating temperature 
(25°C).  
Using above equations, the current and 
voltage of the PV cell can be written as: 
 
Ic = IPh-I0                                                           (3) 
Vc=                                   (4) 
The reverse saturation current of diode (I0) 
is constant under the constant temperature 
and found by setting the open-circuit 
condition, the open circuit voltage is 
obtained as: 
Voc =                                    (5) 
As Iph>>I0 above equation can be written as 
Voc =                                       (6) 
To a very good approximation, the photon 
generated current, which is equal to Isc, is 
directly proportional to the irradiance, the 
intensity of illumination, to PV cell. Thus, 
if the value, Isc, is known from the 
datasheet, under the standard test condition, 
Sc=1000 W/m
2
 at the air mass (AM) = 1.5, 
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then the photon generated current at any 
other irradiance, Sx in (W/m
2
), is given by:  
Isc-sx = Isc-sc                                                         (7) 
 
More Accurate Model (Non-Ideal Case) 
Some researchers on photovoltaic models 
use constant parameters (i.e., ideality factor 
A, series resistance Rs and shunt resistance 
Rp), which result in modeling inaccuracy. 
In reality, these parameters vary with the 
temperature change. For better results 
consideration of these effects is necessary. 
Figure 8 shows a more accurate equivalent 
circuit of a PV cell. 
 
Fig. 8: 
 
Series Resistance 
In a practical PV cell, there is a series of 
resistance in a current path through the 
semiconductor material, the metal grid, 
contacts and current collecting bus. These 
resistive losses are lumped together as a 
series resister (Rs). Its effect becomes very 
conspicuous in a PV module that consists 
of many series-connected cells and the 
value of resistance is multiplied by the 
number of cells [5]. 
 
Parallel Resistance 
This is also called shunt resistance. It is a 
loss associated with a small leakage of 
current through a resistive path in parallel 
with the intrinsic device. This can be 
represented by a parallel resister (Rp). Its 
effect is much less conspicuous in a PV 
module compared to the series resistance 
and it will only become noticeable when a 
number of PV modules are connected in 
parallel for a larger system [6, 7]. 
Ic = IPh – I0        (8) 
Where: A is known as the “ideality factor of 
junction” (“A” is sometimes denoted as 
“n”). After rearranging the above equation 
we can write i-v equation as shown below. 
Vc =      (9) 
 
MODELING OF SOLAR PV SYSTEM 
USING MATLAB SIMULINK 
The MATLAB/SIMULINK software has 
been used for the modeling and simulation 
purposes.  
Model and circuit design for PV array are 
shown in the Figures 9 and 10 respectively. 
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Fig. 9: 
 
 
Fig. 10: 
 
Parameters used in PV Module for the 
Different Characteristics 
 
Table 1: 
 
 
MULTI STAGE INVERTER 
Multi stage inverters have drawn increasing 
attention in recent years, especially in the 
distributed energy resources area. Several 
renewable energy sources (batteries, fuel 
cells, solar cells, wind turbines or micro 
turbines) can be easily connected through a 
multi stage inverter to feed a load (off-grid) 
or interconnect to the ac grid (grid-tie) 
without voltage balancing problems. Multi 
stage inverter technology is based on the 
synthesis of the ac voltage from several 
different voltage levels on the dc bus. The 
output waveforms of multi stage inverters 
are stepped resulting in reduced harmonics 
compared to a square-wave inverter [8, 9]. 
As the number of voltage levels on the dc 
side increases, the synthesized output 
waveform adds more steps, producing a 
staircase wave which approaches the 
sinusoidal wave with minimum harmonic 
distortion. First, commercially available 
grid connected PV inverters were line 
commutated inverters followed by pulse 
width modulation inverters, often 
incorporating several stages of power 
conversion. They are particularly suited for 
high power applications (such as in 
FACTS) since the need of filters is reduced. 
Multi stage converter topologies are also 
found suitable for PV applications since 
due to the modular structure of PV arrays 
different DC voltage levels can easily be 
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provided. Almost all the topologies for 
multistage inverter today uses low power 
handling capability devices (e.g., IGBT's, 
MOSFET's, GTO's etc.). Their cost 
increases exponentially for higher power 
rating. Losses at high frequency operation, 
associated with these devices make them 
less reliable than thyristor based inverters. 
The performance of the converter depends 
upon the switching angle, and impedance 
angle. Since an SCR is a unidirectional 
device, the direction of the current through 
it always remains same. However, due to an 
RL load, the instantaneous value of voltage 
may be positive or negative but the average 
value of output voltage will be only 
positive for RL load. However, for an 
active or RLE negative load, the converter 
may operate in fourth quadrant of 
voltage-current plane and voltage become 
negative. The load current may be 
discontinuous, just continuous (or 
sinusoidal) or continuous. It depends upon 
switching angle and impedance angle of 
RL loads. 
 
In the present work, a novel multi stage 
inverter topology has been proposed as 
shown in Figure. It is a thyristor based 
multi stage converter which is operated in 
inversion mode (i.e., average power is 
transferred to the grid). The primary side is 
connected to the grid. In the secondary side, 
a number of centre-tapped connections (1, 
2, 3,.., N) are provided to obtain stepped 
type line current waveform. The number of 
stages and therefore, the steps can be 
increased by increasing the number of 
centre-tapped connections in the secondary 
side terminals of the multi winding 
transformer. The proposed grid-tie multi 
stage converter circuit works in two modes 
of operation, i.e., rectification mode and 
inverter mode. It works in inversion mode 
when the switching angle of each of the 
converter is greater than 90. The circuit has 
been analyzed and implemented for two as 
well as three step line current. It can be 
extended to higher steps for better 
performance. However, the increase of 
steps adds to the cost of converter as more 
number of secondary windings is required. 
So, a suitable compromise has to be made 
between the THD of the line current and 
cost of additional hardware. The major 
advantage of the proposed configuration is 
that in continuous current mode of 
operation of each converter, the waveform 
resembles a stepped sinusoidal wave. With 
suitable selection of switching angles the 
harmonic contents can be reduced 
drastically without compromising the 
magnitude of power transferred to the grid.  
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MODELING OF TIE GRID INVERTER 
WITH BATTERY SYSTEM USING 
MATLAB SIMULINK 
 
FIG. 11: 
 
MODELING OF TIE GRID INVERTER 
WITH PV ARRAY USING MATLAB 
SIMULINK 
 
FIG. 12: 
 
RESULTS 
 
Fig. 13: Characteristics of Solar Array at 
Variable Solar Insolation, 25
0
C. 
 
 
Fig. 14: P-V Characteristics at Variable 
Solar Insolation, 25
0
C. 
 
 
Fig. 15: Characteristics at Variable 
Temperature, 1000W/m
2
. 
 
 
Fig. 16: P-V Characteristics at Variable 
Temperature, 1000W/m
2
. 
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Fig. 17: I-V Curve for Different Values of 
NSS and NPP at Standard Conditions. 
 
 
Fig. 18: P-V Curve for Different Values of 
NSS and NPP at Standard Conditions. 
 
 
Fig. 19: Current Waveform for Grid 
Inverter with Battery. 
 
 
Fig. 20: THD for Tie Grid Inverter with 
Battery. 
 
 
Fig. 21: Current Waveform for Tie Grid 
Inverter with PV Array. 
 
 
Fig. 22: THD for Tie Grid Inverter with PV 
Array. 
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CONCLUSION 
In order to answer the present energy crisis, 
one has to develop an efficient manner in 
which power has to be extracted from the 
incoming solar radiation. The power 
conversion mechanisms have been greatly 
reduced in size in the past few years. The 
development in power electronics and 
material science has helped engineers to 
come up very small but powerful systems 
to withstand the high power demand. But 
the disadvantage of these systems is the 
increased power density. The constant 
increase in the development of the solar 
cells manufacturing technology would 
definitely make the use of these 
technologies possible on a wider basis. 
Grid-connected photovoltaic (PV) systems 
are the fastest growing renewable energy 
conversion systems in the world. In fact it 
has increased at an average growth of 58% 
per year in the last half decade.The use of 
the newest power control mechanisms 
called the Maximum Power Point Tracking 
(MPPT) algorithms has led to the increase 
in the efficiency of operation of the solar 
modules and thus is effective in the field of 
utilization of renewable sources of energy. 
Line commutated converters can employ 
either diodes or thyristors. Diode based 
converters do not allow bi-directional flow 
of current. Hence thyristor based converter 
are used where bidirectional flow of current 
is required. Two or more inverters can be 
cascaded to increase the voltage rating, 
power rating and improve the quality of 
output power. The total harmonic distortion 
can be improved by using multistage line 
commutated thyristor based inverters for 
solar PV system. The work done in thesis 
can be further extended in several 
directions. Some of the conceived ideas are 
listed below: 
   Experimental realization of multistage 
line commutated thyristor based 
inverter for both single-phase and 
three-phase applications. 
  Transformer less topologies can be 
further investigated for ground leakage 
current minimization. 
  Artificial Intelligence based MPPT 
techniques can be developed and 
employed in the proposed multistage 
inverters. 
   DC-DC converter state space modeling 
can be developed considering different 
nonlinearities and non-idealities. 
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